Non-EPR pairs quantum channel for teleporting an arbitrary two-qubit
  state by Zha, Xin-Wei & Song, Hai-Yang
Non-EPR pairs quantum channel for teleporting an arbitrary 
 two-qubit state 
 
Xin-Wei Zha∗, Hai-Yang Song 
Department of Applied Mathematics and Physics, Xi’an Institute of Posts and Telecommunications, 
Xi’an, 710061 Shaanxi, China 
 
Recently, Yeo and Chua [Phys. Rev. Lett. 96, 060502 (2006)] have given an explicit protocol for 
faithfully teleporting an arbitrary two-qubit state via a genuine four-qubit entangled state, which is not 
reducible to a pair of Bell states. Here, we present a “transformation operator” to give the criterion of 
for faithfully teleporting arbitrary two-qubit states. The theoretical explanations of some quantum 
channels are given by transformation operators. Furthermore, a new four-qubit entangled state 
quantum channel is presented. 
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Since the first create of quantum teleportation protocol by Bennett [1], research on quantum 
teleportation has been attracting much attention both theoretically and experimentally in recent years 
due to its important applications in quantum calculation and quantum communication. For example, 
already there have been several experimental implementations [2-4] of teleportation and several other 
schemes of quantum teleportation have been presented [5-11]. Up to now, almost all complete set 
measurements are Bell state measurement and the states of entangled channel are reducible to a pair of 
Bell states.  
Actually, there are many forms of quantum channel, which are not reducible to a pair of Bell 
states can be employed for a perfect teleportation arbitrary two-qubit state. Recently, Yeo and Chua 
[12] present a protocol for faithfully teleporting an arbitrary two-qubit state via a genuine four-qubit 
entangled state. By construction, their four-partite state is not reducible to a pair of Bell states. Chen 
[13] generalize completely the results of Ref. [12], to teleporting an arbitrary N-qubit state via genuine 
N-qubit entanglement channels. In this Letter, we present a new quantum channel for faithfully 
teleporting arbitrary two-qubit states employing genuine four-qubit entangled state 
3456
ϕ  [Eq. (2)] 
that four-partite state is also not reducible to a pair of Bell states. The key element of our approach is a 
reversible operator  [Eq. (3)] that we call “transformation operator”. Later, we analyze the 
four-party Greenberger-Home-Zeilinger (GHZ) [14] and W [15] states using our method. 
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We first consider the teleportation of an arbitrary two-qubit state 
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entangled state 
3456
ϕ . If the sender Alice has two particles 1,2 in an unknown state  
               0 1 2 312 ( 00 01 10 11 )x x x xχ = + + + 12                       (1) 
where and  are arbitrary complex numbers, and we assume wave function satisfy 
normalization conditions
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=∑ =i ix . The entanglement channel between Alice and Bob is a 
four-qubit entangled state 
3456
ϕ . The particle pair (1,2) and particles 3, 4 are in Alice’s possession, 
and other two particles 5, 6 are in Bob’s possession. The system state of six particles can be expressed 
as 
345612123456
ϕχψ ⊗=                                        (2) 
In accordance with the principle of superposition and transformation operator, 
123456
ψ  can be 
represented in the form of a series [16] 
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 0 1 2 356 ( 00 01 10 11 )x x x xχ = + + + 56                 (5) 
The operators  are called the “transformation operators”. If the  are unitary operators, then 
Alice informs Bob two Bell state measurement outcomes via a classical channel. By outcomes 
received, Bob can determine the state of particles 5,6 exactly by transformation operators . 
The unknown two-particle entangled state can be teleported perfectly, and the successful possibilities 
and the fidelities of the two schemes both reach unit. If the  are not unitary operators, the 
determinant of transformation operators are not zero. As ref [16], Bob introduces an auxiliary 
two-state particle a with the initial state 
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0 and performs a collective unitary transformation on 
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particles 5, 6 and a. Then Bob measures the state of particle a. If the measured result is 
a
1 , the 
teleportation is failed. If the measurement result is 
a
0 , the teleportation is successfully realized. 
The probability of successful teleportation is small unit. If the determinants of transformation 
operators are zero, the unknown two-particle arbitrary entangled state can’t be teleported perfectly. 
Also we can write  
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where jiijg 2413ϕϕ=  are the 16 G states by Rigolin [7]. 
As an example, we now consider the quantum channel in Ref. [12] 
34563456
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It is easy to obtain transformation operator 
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Furthermore, we can obtain other transformation operators 
 ( )1156 56 5 6ˆ ˆij i jσ σ σ σ= ⊗                                     (8)  
where ˆ , , ,km m mz mx myI iσ σ σ σ= − . 6,5=m ,  is the two-dimensional identity and mI
mymxmz σσσ ,, are the Pauli matrices. 
Apparently, if the  is unitary operator, the 1156σˆ 56ˆ ijσ  are also unitary operators. Therefore, the 
teleportation can be realized only by performing an inverse transformation. 
If the quantum channel is GHZ state, i.e. 34563456 )11110000(2
1 +=ϕ  
Then the transformation operator 
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If the quantum channel is W state, 34563456 )1000010000100001(2
1 +++=ϕ  
Then              .                                       (10) 
⎟⎟
⎟⎟
⎟
⎠
⎞
⎜⎜
⎜⎜
⎜
⎝
⎛
=
0000
0001
0001
0110
11
56σ
From Eqs. (9) and (10), it is easy to see that the determinants of transformation operators are zero. 
Therefore, we can’t use the GHZ states and the W states [7] to deterministically teleport arbitrary two 
qubits.  
Now，let us assume Alice and Bob share a entangled channel 
34563456
1 ( 0000 0101 1011 1110 )
2
ϕ = + + +                                   (11) 
Using Eqs. (3), we can obtain the transformation operator 
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Obviously, the 1156σ  is a unitary operator and the 1156σ  is also a C-not transformation operator. 
Therefore, Bob can determine the unknown two-particle entangled states by performing C-not 
operation with the particle 5 as the control qubit and the particle 6 as the target.  
    Recently, Chen [13] consider the teleportation of the same N qubit state using the maximally 
entangled state（MES）channel between Alice and Bob. Zhan-jun Zhang [17] present the quantum 
channel linking Alice and Bob is the state 
2211 BABA
ijQ  and it can be equivalently written in the form 
of 
221121 BA
jBAiAA
U ψψ . It is easy to show that the transformation operators are unitary operators 
for those quantum channels. Therefore, the teleportation can be also realized only by performing an 
inverse transformation. 
In conclusion, we have presented a new method for faithfully teleport an arbitrary two-qubit state 
employing genuine four-qubit entangled states 
3456
ϕ that four-partite state is also not reducible to a 
pair of Bell states. The key element of our approach is a reversible operator  [Eq. (3)] that we 
call “transformation operators”. The “transformation operators” give the criterion of for faithfully 
teleporting arbitrary two-qubit states. As examples, we analyze the quantum channel in Ref. [13] and 
the four-party Greenberger-Home-Zeilinger (GHZ) [14] and W [15] states using our method. The 
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relation of transformation operator with the entanglement of quantum channel and orthogonal joint 
measurement will be further investigated. 
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